Introduction
In 2012 injuries caused over 11,000 deaths in England and Wales(1) and in 2012/13 they were responsible for more than 660,000 admissions to English hospitals, accounting for more than 3 million bed days (2) . Every year in the UK, more than 5.8 million people attend an emergency department (ED) following an unintentional injury(3); which account for 760,000 disability adjusted life years lost (4) . Injuries are a particular problem in working age adults who comprise 43% of unintentional injury deaths, 45% of hospital admissions and 50% of ED attendances(1-3). Injuries also impact substantially on primary care services; one third of those attending ED following an injury will consult with a GP or practice nurse in the first month after injury and 21% will still be consulting 4 months post injury. Among injured patients admitted to hospital these figures are even higher (58% within in the first month and 36% still consulting 4 months post injury (5)). Recovery can also be prolonged; a recent UK study including people with a wide range of injuries attending ED or admitted to hospital found only 28% were fully recovered at 1 month, 54% at 4 months and 71% at 12 months (6) .
Although injuries create an economic burden for society, health services and patients, few UK studies directly report their costs. This prevents prioritisation of injury prevention, limits policy and strategy development and hampers health service planning and commissioning. Two studies have estimated direct medical costs of injury for general injury populations in the UK. The EUROCOST study estimated costs of ED attended and hospital admitted injuries in Europe, including England and Wales using data from 1999 (7) . Injuries across all age groups and injury intents were included. Admissions for late consequences of injury and medical adverse events were excluded. Costs for ambulance transport, rehabilitation, nursing home care, outpatient care and home care were not estimable. Total costs for ED attendances were €948 million and €965 million for hospital admissions; amounting to 2.5% of the annual total health expenditure for England. The mean cost per patient for an ED attended injury was €156 and €1418 for a hospital admission. Injuries in women incurred higher costs than for men and half of all admission costs were for those aged 65 years and older. Injuries with the highest cost per patient were hip/pelvis/femoral shaft fractures, burns, complex soft tissue injuries of the lower limb, fractures of the knee or lower leg and vertebral column/spinal cord injuries and upper arm fractures (8) . The APOLLO project used the EUROCOST methodology in seven EU countries, including Wales, using 2005 data. The total annual cost for admitted patients was €90 million. Findings regarding age and sex were similar to those of the EUROCOST study. Injuries with the highest cost per patient were fractures of the hip, femur, pelvis, ankle and upper arm (9) . Both these studies relied on secondary care data, therefore underestimating NHS costs by excluding primary care. Furthermore the injury incidence data and cost data used in these studies are now dated. The analyses presented in this paper report more up to date costs to the NHS of primary and secondary health care service up to one year post injury for a general injury population.
Methods
We report findings from the Impact of Injuries study. The study protocol describes the methods in full (10) .
Participants comprised adults aged 16-70 years admitted for an unintentional injury to acute NHS hospitals in Nottingham, Bristol, Leicester and Guildford and recruited either while they were admitted or by posting a questionnaire and consent form within 3 weeks of their injury. People without a permanent address (due to inability to follow-up), those not allowing access to medical records or giving informed consent and those with significant head injuries (loss of consciousness, amnesia or a Glasgow coma scale of < 15) were excluded. Study recruitment lasted from June 2010 to June 2012 (using quota sampling between June 2010 and May 2011 and invitation to all eligible patients from June 2011 due to slower than expected recruitment). Follow-up data collection was completed in July 2013.
Participants completed baseline questionnaires at recruitment and follow-up questionnaires at 1, 2, 4 and 12 months post injury. Questionnaires collected data on socio-demographic and economic characteristics, injury details, use of health services, medication, aids and home adaptations for injury-related reasons, and injury costs incurred by participants. At each follow-up time point, questions on health service use and costs related to the time period since the last questionnaire was completed. Length of stay for the index admission was obtained from medical records. Where participants reported hospital admissions or ED attendances for injury in the one month follow-up questionnaire, we used reasons given to determine whether they were reporting their index admission or attendance or a re-admission or re-attendance.
The cost of drugs used was calculated using standard health economics methods (11) and participant reported data on named drugs and length of drug use. We used the Defined Daily Dose (DDD), or if not available, the Average Daily Quantity (ADQ)(12), both of which are the assumed average maintenance dose per day for a drug used for its main indication in adults(13), to estimate the total number of units per day of each drug. This was multiplied by the maximum number of days recommended by the British National Formulary (BNF)(14) to get a total number of units. The unit cost for each drug was obtained from the BNF and multiplied by the total number of units to estimate total cost.
We assigned costs to resource use based on the PSSRU annual survey of Unit Costs of Health and Social Care(15), the NHS tariff(16), the BNF(14) and a variety of sources to cost aids and adaptations (sources and prices used are shown in tables 1 and 2 online). We multiplied "units" of resources used by "price weights" to give "unit costs". For instance, one hour of specialist nurse (including travel) costs is £43. Therefore, a 25 minute consultation has a unit cost of £17.92. We took an NHS perspective, which involved accounting for the use of NHS resources only (not including patient or other expenditure). We estimated average costs for each resource used by calculating the total cost for each type of resource and dividing this sum by the total number of participants who completed all follow-up questionnaires (n=328). These are described using means, standard deviations and ranges. We included non-users of the service in the denominator because NHS commissioners are interested in average costs per patient rather than average cost per user (which may be of more interest to service providers) as this allows estimation of costs for a patient population. We also described average costs by type of injury using means, standard deviations and ranges.
We used multiple imputations with chained equations to impute missing costs at 1, 2, 4 and 12 months followup. The imputation model included separate costs at each time point for primary care, secondary care, costs of aids, aids and adaptations and medications. The imputation model also included study centre and baseline patient characteristics (age, sex, ethnic group, IMD score, EQ5D utility index, employment, marital status, long standing illness) and characteristics relating to the injury (nights in hospital, type of injury, severity of injury, injury location, injury mechanism, secondary care costs of admission). Fifty imputed datasets were generated.
We estimated costs at Clinical Commissioning Group (CCG) level by calculating 5-year age-specific hospital admission rates(2) for ICD-10 codes V01-X59 based on the total population across all 211 CCGs in England (17) , multiplying this rate by the 5-year age-specific population figures for the each CCG and then multiplying this by the average NHS cost for injured participants in each 5-year age band. Then we summed these costs across the age bands to give a total estimated cost per CCG. To ensure average costs reflected the full range of injuries requiring admission to hospital, this analysis only used data from participants recruited from June 2011 onwards, when we stopped using quota sampling and recruited all interested and eligible participants. In addition, as for all cost analyses presented, it is restricted to participants who completed all four follow-up questionnaires (n=207). We described costs at CCG level using the mean, standard deviation and range and illustrated with a histogram.
Results
The study recruited 668 participants. A total of 77% were followed up at one month and 65% at 12 months, with 49% returning all four follow-up questionnaires (figure 1 online). Table 1 shows most participants were aged 25-64 years (73%), 53% were males, 60% were in paid employment and 25% had a limiting long standing illness. Falls (64%) and road traffic injuries (21%) were the most common injury mechanisms. Lower limb (45%) and upper limb fractures (11%) were the most common injury types. Most injuries (70%) were of moderate severity. The median number of nights in hospital at index admission was 6 (IQR 3, 10).
[insert table 1 here]
Use of NHS services in the year after injury is shown in table 2. GP consultations were the most commonly used primary or community care service at all-time points; used by 25% of participants in the first month, and still being used by 34% at 5-12 months post injury. At least 20% of participants used telephone consultations with GPs or practice nurses in the first 2 months post injury. Community physiotherapy was used by between 7% and 17% of participants, most commonly at 3-4 months, with 12% still using community physiotherapy 5-12 months post injury. Overall, 67% of participants used at least one primary care service in the first month, with 61%, 60% and 47% still using services at 1-2, 3-4 and 5-12 months respectively. In terms of secondary care use, 6-12% had a re-attendance at ED and 5-9% had a hospital readmission across the four follow-up time points. Fracture clinic was the service most commonly used; used by between 34% and 70% of participants, most commonly in the first 4 months, with 34% still attending 5-12 months post injury. Hospital physiotherapy was used by between 23% and 51% of participants, most commonly between 2 and 4 months, with 37% still attending 5-12 months post injury. Overall 80% of participants used at least one secondary care service in the first month, with 89%, 81% and 62% still using services at 1-2, 3-4 and 5-12 months respectively.
[insert table 2 here] Table 3 shows aids and adaptations were most commonly provided in the first two months post injury; crutches, walking frames and toilet modifications were most commonly used. In the first month, 88% of participants were prescribed medication for their injury, as were 61%, 47% and 35% at 1-2, 3-4 and 5-12 months respectively. Central nervous system and musculoskeletal and joint disease medications were the most commonly prescribed injury-related medications at each time point.
[insert table 3 here]
Average costs by injury type in the 328 participants who returned all the follow-up questionnaires are shown in table 4. The mean cost over 12 months across all services and all injury types was £4691 (SD=£2342). Hip fractures incurred the highest mean cost (£5159), followed by lower extremity fractures (£4969) and multiple injuries (£4969). The highest mean primary care costs were for hip fracture (£1102) and multiple injuries (£527). The highest mean secondary care costs were for lower extremity fractures (£4397) and multiple injuries (£4299). The highest mean aids and adaptations costs were for hip fractures (£167) and multiple injuries (£72). The highest mean medication costs were for spine/vertebrae fractures (£102) and hip fractures (£95). The mean cost (and percentage of total mean cost) across all injuries was £454 (10%) for primary care, £4097 (87%) for secondary care, £67 (1%) for aids and adaptations and £73 (2%) for medication.
[insert table 4 here] Means costs based on multiply imputed data are shown in table 3 online. These tended to be slightly higher than the costs from the complete case analyses, for example the mean total cost over 12 months across all services was £4881.
Estimating costs per clinical commissioning group
The mean costs by injury type and the total mean costs across all injury types in the 207 participants who completed all follow-up questionnaires and were not recruited using quota sampling are shown in table 4 online, and age-specific national hospital admission rates and CCG population figures used to estimate CCG costs are shown in table 5 online. The estimated mean total cost for injuries per CCG was £7,265,511 (SD £3,877,346) ranging from a minimum of £1,780,683 to a maximum of £25,563,203 (Figure 2 online) . The total estimated cost across all 211 CCGs was £1,533,022,790. Table 6 online shows the mean costs of injury and national hospital admission rates for injury by age group using the multiply imputed costs of injury. The estimated mean total cost for injuries per CCG was £7,755,634 (SD £4,147,121) ranging from a minimum of £ 1,893,530 to a maximum of £ 27,431,894 (Figure 2a online) . The total estimated cost across all 211 CCGs was £1,636,438,260.
Discussion

Main findings
Our study shows injuries in working age adults requiring hospital admission result in high levels of NHS primary and secondary care use during the year following the injury. Service use decreases over time, but 62% of participants were still using secondary care and 47% were still using primary care services for injury-related reasons between 5 and 12 months post injury. The mean cost per participant for an injury was £4691, with hip fractures (£5159), lower extremity fractures (£4969) and multiple injuries (£4969) incurring the highest mean costs. Most of the costs were for secondary care services (87%), but 10% of the costs were incurred in primary care. The estimated mean total cost for injuries per CCG was £7.3 million, ranging from £1.8 million to £25.6 million. The total estimated cost across all CCGs in England was £1.53 billion.
What is already known on this topic
Few studies have directly measured resource use and costs of medically attended injuries in general injury populations in the UK. Previous studies have excluded multiple injuries, focussing on secondary care costs and excluding primary care costs. Hip fractures and lower limb fractures have been found to incur the highest costs (8, 9) .
What this study adds
This is the largest study quantifying UK service use and costs to NHS among working age adults following unintentional injury. A major strength of our study is the use of self-reported resource use data allowing us to cost a wide range of primary and secondary care service use. We were also able to identify participants with multiple injuries, readmissions and day-cases. Our study extends the work of the EUROCOST and APOLLO studies whose costing is based only on secondary care resource use and on average resource use by injury type (e.g. average length of stay). Our study includes participants of both sexes, aged 16 to 70 years, with a wide range of unintentional injuries, from multiple English NHS hospitals, so our findings should be generalisable to general injury populations attending or admitted to similar hospitals. The economic analysis followed standard methods for cost analysis (18) and good practice guidelines for costing medications (11) . Our findings should therefore be comparable to other studies using these methods to cost health care resource use for injuries or other conditions.
Limitations of this study
Some types of injury only occurred in a small number of participants (e.g. spine/vertebral injury or other injuries to lower limbs), thus cost estimates are subject to considerable uncertainty. Our follow-up rates were higher than some prospective studies of general injury populations (4, 19, 20) and similar to other studies (21, 22) , but it is possible that some response bias occurred. It is also possible that some selection bias occurred if study participants differed from non-participants. We were unable to collect data on characteristics of nonparticipants, so it is difficult to assess the extent to which this may have occurred. Results from analyses using imputed costs for non-responders to the follow-up questionnaires gave slightly higher cost estimates than those from participants who completed all 4 follow-up questionnaires, reflecting differences in sociodemographic and injury characteristics between these groups.
Where participants reported a hospital admission or ED attendance for their injury in their one month followup questionnaire, we used the reasons they gave for the attendance to determine whether this related to their index admission or ED attendance or to re-admission or re-attendance. Where there was uncertainty, we assumed they were reporting the index event. This may have led to underestimation of resource use and costs.
We were unable to find any recent data on hospital readmission rates post injury in the UK, but the selfreported readmission rate in the first month post injury (5.1%) is very similar to that reported in a recent Canadian multicentre cohort study in a general injury population (5.9%) (23) . Where participants did not report the length of drug use we used the maximum recommended duration from the BNF, or if there was no maximum recommended duration, we assumed participants had used the drug for the entire period covered by that questionnaire. This may have overestimated drug costs, particularly at later time points when the questionnaires covered longer time periods. Given that drug costs comprise only 1-2% of total costs for each injury, this is unlikely to have a major impact on our cost estimates.
Our cost estimates only take account of NHS resource use in the first 12 months post injury. Previous studies have shown that injured working age adults have higher rates of health service use than the general population, in some cases for many years post injury(24), hence our estimates do not represent the total NHS costs of injuries. Our CCG cost estimates are intended to give an indication of the likely scale of costs for CCGs.
They are based on the average age-specific cost of an injury across all injuries and the age-specific number of injuries per CCG estimated using national admissions data. We did not use costs for each type of injury for this calculation due to the small number of participants with some types of injuries. Our estimates assume the case-mix of injuries in a CCG is similar to that of our study population and that CCGs have the same agespecific injury rates as those for England as a whole. As our study is based upon UK cost weights our findings are not directly transferrable to other countries. Also, it should be noted that we measured costs in terms of "resources used" rather than as "spending". Therefore, the study measures economic costs not budget spending. If the results are to inform budgets for injury-related services, then a technique such as Budget Impact Analysis should be employed (25) . Finally, there is a large body of literature showing a range of factors in addition to hospital admission, length of stay, injury type and injury severity are associated with recovery from injury, some of which are potentially modifiable (6, 20, 21, (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) . These factors may also influence the cost of injuries and further research to identify predictors of cost and the impact of potentially modifiable factors on cost is required.
Conclusions
This study has shown high levels of health service use which incur large NHS costs among working age adults in the UK in the first year after injury. These cost data can be used to inform injury prevention policies and strategies and health service planning. There is potential to reduce costs through commissioning and provision of effective injury prevention interventions. Further research is needed to identify factors associated with higher cost injuries and to explore the potential for cost savings by targeting prevention and rehabilitation at modifiable factors associated with higher cost injuries. [21] 6 (3,10) Limiting long standing illness [6] 164 (24.8) Median EQ5D utility index (IQR) [2] 1 (0.85, 1) [ ] missing values 3 For all prices obtained in the bettterlifehealthcare.com website, the most expensive item for the standard product was chosen. All data was Accessed on 2 nd of November 2013. 4 When prices were provided as a range, the upper limit was used to calculate the costs. 
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